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IMAGE DISPLAY APPARATUS AND
ALTERNATIVE CURRENT DRIVE METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an image display
apparatus that includes a liquid crystal spatial light modu-
lating element and is configured to conduct time division
display of a frame by dividing the frame into plural sub
frames. The present invention also relates to a method of
driving a spatial light modulating element with an alterna-
tive current.

[0003]

[0004] In recent years and continuing, with the dramatic
increase in computer processing capabilities, technology for
displaying a higher resolution image in a computer is
developing and in turn, high resolution capabilities are being
demanded in an image display apparatus. However, in
apparatuses such as a projector, the resolution of a spatial
light modulating element for displaying an image may not
be able to keep up with the increasing resolution of the
image to be displayed. Accordingly, various techniques are
proposed for achieving a higher resolution image in such
apparatuses. For example, in Japanese Laid-Open Patent
Publication No0.2003-90992, a configuration of a projector
including an optical deflecting element is disclosed.

[0005] FIG. 1shows a configuration of a projector accord-
ing to the disclosure of Japanese Laid-Open Patent Publi-
cation No0.2003-90992. The projector illustrated in this
drawing includes an LED light source that is formed by a
two-dimensional array of LED lamps and is arranged to emit
light towards a screen, a diffuser positioned in the light
emitting direction with respect to the light source, a con-
denser lens, a spatial light modulating element in the form
of a transmissive LCD panel, and a projection lens. Further,
the projector includes an optical deflecting element that is
arranged at the light path between the transmissive LCD
panel and the projection lens.

[0006] In this projector, illuminating light that is emitted
from the LED light source is equalized at the diffuser, and
is controlled and synchronized with an illuminating light
source by the condenser using an LCD panel drive part to
realize critical illumination of the illuminating light onto the
transmissive LCD panel. Then, the illuminating light is
spatially modulated by the transmissive LCD panel and is
incident onto the optical deflecting element as image light.
The image light is then shifted by a given distance in the
positioning direction of pixels.

[0007] Also, in this projector a panel drive part is arranged
to divide an image of one frame into plural sub frames so
that the sub frames may be sequentially displayed through
time divisional display at the transmissive LCD panel. In
turn, the optical deflecting element deflects the light path in
synch with the display of each sub frame so that the display
positions of the sub frames may be shifted with respect to
each other. In this way, it may appear as though the number
of pixels displayed is multiplied.

[0008] The optical deflecting element may correspond to a
device for deflecting the light path of incident light and may
be realized by forming a lateral directional electrical field on

1. Field of the Invention

2. Description of the Related Art
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a chiral smectic C liquid crystal layer. According to this
example, an average inclination of the optical axis of the
chiral smectic C liquid crystal layer, which generates its own
polarity, is used to change the electrical field direction to
enable high speed light path deflection.

[0009] When liquid crystal is used to realize the spatial
light modulating element, an alternating current needs to be
applied as the drive current for the spatial light modulating
element as is known among persons skilled in the art. When
a direct current is used as the drive current, the liquid crystal
may be susceptible to damage such as burns. Accordingly, in
a display apparatus such as a projector including an optical
deflecting element that divides an image of one frame into
plural sub frames and sequentially displays the sub frames
through time division display, a frame polarity reversing
drive method is conventionally used for switching the polar-
ity of a drive voltage for the liquid crystal spatial light
modulating element. Examples of such a method are illus-
trated in FIGS. 2~4 and are described in detail below.

[0010] FIG. 2 illustrates an example of dividing a frame
into four sub frames and displaying the sub frames with the
spatial light modulating element through time division dis-
play while changing the light path with the optical deflecting
element so that one pixel of the spatial light modulating
element displays four pixels on the display screen. The
arrows shown in this drawing represent the pixel shifting
direction of a light path shifting unit.

[0011] FIG. 3 shows a case in which the pixels of the
spatial light modulating element displays the same image of
FIG. 2 on the screen.

[0012] FIG. 4 illustrates an exemplary operation of sig-
nals for driving the spatial light modulating element. In this
drawing, Vsync represents a vertical synchronizing signal
that is generated in sync with a display period T2 for one sub
frame. Vd represents a drive voltage that is applied to a
given pixel electrode of the spatial light modulating element.
Vcom represents a voltage that is applied to a common
electrode. Generally, each pixel is driven by a difference
voltage (Vd-Vcom) corresponding to a difference between
the drive voltage Vd that is applied to a corresponding pixel
electrode and the voltage Vcom that is applied to an oppos-
ing electrode corresponding to a common electrode for the
pixels that is arranged on the other side of the liquid crystal
layer.

[0013] Tt is noted that periods [1] through [4] indicated in
this drawing represent the respective sub frame periods
making up one frame. As is indicated in the drawing, the
polarity of the drive voltage Vd within one period T1 is
reversed with respect to the voltage Vcom in a next frame
period T1, and in this way, the pixels of the spatial light
modulating element may be driven by an alternating current.

[0014] However, when a drive method of reversing the
polarity for every frame is used, the alternating current drive
frequency may be decreased causing a perceptible flicker on
the display screen.

[0015] Accordingly, a method of increasing the alternating
current drive frequency to prevent such a flicker effect is
known. Japanese Laid-Open Patent Publication No.6-27902
discloses one example of such a method in which the
polarity of the drive voltage Vd is reversed for every vertical
synchronization period, that is, for every sub frame period.
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However, in the case of applying such a method to a
projector having a light path shifting unit (e.g., optical
deflecting element) as is described above, the applied drive
current may end up being a direct current, and thereby, the
method may not be directly applied. For example, FIG. 5
illustrates the drive voltage Vd of the spatial light modulat-
ing element in the case of applying this method to the
projector described above. It may be easily understood from
this drawing that the drive voltage Vd in this example ends
up being a direct current rather than an alternative current.

[0016] Japanese Laid-Open Patent Publication No.6-
38149 discloses another exemplary method for preventing
the flicker effect in which the polarity of the voltage Vd is
reversed with respect to every one or more horizontal
synchronizing periods and every vertical synchronizing
period. However, this method also creates the same problem
as is described above.

[0017] Japanese Laid-Open Patent Publication No.7-
175443 discloses a method of converting the drive voltage
into an alternating current by reversing the drive voltage
polarity with respect to every vertical synchronizing period
within one sub frame period, the method being realized in a
case where a sub frame period and a vertical synchronizing
period do not correspond and at least two vertical synchro-
nizing periods are provided within one sub frame to realize
high speed writing of image data. FIG. 6 corresponds to a
diagram illustrating such an arrangement.

[0018] However, in a display apparatus that is arranged to
temporarily display a predetermined gray level (e.g., black
display) at the spatial light modulating element upon switch-
ing the sub frame display, unless the drive voltage for
temporarily displaying the predetermined gray level with the
pixels of the spatial light modulating element upon switch-
ing the sub frame display corresponds to zero, asymmetry is
created between positive and negative voltages so that the
applied voltage corresponds to a direct current. FIG. 7
illustrates the problem described above in relation to the
arrangement of FIG. 6 in which a voltage V1 is applied for
a time period T3 upon switching the sub frame display.

[0019] Generally, at a spatial light modulating element,
scanned pixel data are written one line at a time owing to
restrictions on the amount of using such a spatial light
modulating element that is based on a line-sequential system
in the image display apparatus that is capable of multiplying
the number of displayed pixels by a light path shifting unit,
light shifting is conducted simultaneously on all the pixels of
the spatial light modulating element, and thereby, a so-called
image crosstalk may occur in which the same image may be
displayed before and after the light path shifting resulting in
the degradation of image quality.

SUMMARY OF THE INVENTION

[0020] The present invention has been conceived in
response to the one or more problems of the related art and
its object is to provide a technique for preventing damage
such as burns from being generated in liquid crystal of a
spatial light modulating element due to use of a direct
current as the drive current in an image display apparatus
that is arranged to divide a frame into plural sub frames and
sequentially display the sub frames using the liquid crystal
spatial light modulating element.
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[0021] Also, it is another object of the present invention to
provide a technique for preventing a direct current from
being superposed on a drive voltage by maintaining the
drive voltage polarity reversing order to be constant while
changing the order in which the sub frames are to be
displayed with respect to each frame.

[0022] Also, it is an object of the present invention to
provide a technique for effectively preventing screen flicker
from occurring in an image display apparatus.

[0023] Also, it is an object of the present invention to
provide a technique for effectively controlling image display
particularly in the case of multiplying the number of dis-
played pixels using a light path shifting unit.

[0024] Also, it is an object of the present invention to
provide a technique for preventing damage such as burns
from being generated in liquid crystal of a spatial light
modulating element due to use of a direct current as a drive
voltage in an image display apparatus that is arranged to
divide a sub frame period into plural vertical synchronizing
periods, reverse the drive voltage polarity for a pixel of the
spatial light modulating element for every vertical synchro-
nizing period, and temporarily display a predetermined gray
level upon switching the sub frame display.

[0025] The present invention according to a first aspect
provides an image display apparatus that divides a frame
into 2i sub frames (i corresponding to a natural number), the
apparatus including:

[0026] a liquid crystal spatial light modulating ele-
ment configured to sequentially display the sub
frames; and

[0027] afirst alternative current drive unit configured
to reverse a polarity of a drive voltage for a pixel of
the spatial light modulating element for every j sub
frame(s) (j corresponding to a natural number that is
less than 2i) and for every n frame(s) (n correspond-
ing to a natural number).

[0028] The present invention according to a second aspect
provides an image display apparatus that divides a frame
into 2i sub frames (i corresponding to a natural number), the
apparatus including:

[0029] a liquid crystal spatial light modulating ele-
ment configured to sequentially display the sub
frames; and

[0030] a display control unit configured to reverse a
polarity of a drive voltage for a pixel of the spatial
light modulating element for every j sub frame(s) (j
corresponding to a natural number that is less than
2i) and change a display order of the sub frames for
every n frame(s) (n corresponding to a natural num-
ber).

[0031] According to a preferred embodiment, the image
display apparatus of the present invention further includes a
second alternative current drive unit configured to reverse
the drive voltage polarity for every m horizontal synchro-
nizing period(s) (m corresponding to a natural number).

[0032] According to another preferred embodiment, the
image display apparatus of the present invention further
includes a resetting unit configured to temporarily display
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the pixel of the spatial light modulating element at a pre-
determined gray level when the sub frame display is to be
switched.

[0033] The present invention according to another aspect
provides an image display apparatus that divides a frame
into 2i sub frames (i corresponding to a natural number), the
apparatus including:

[0034] a liquid crystal spatial light modulating ele-
ment configured to sequentially display the sub
frames;

[0035] a resetting unit configured to temporarily dis-
play a pixel of the spatial light modulating element
at a predetermined gray level when the sub frame
display is to be switched; and

[0036] an alternative current drive unit configured to
divide a display period of each of the sub frames into
2k periods (k corresponding to a natural number) and
reverse a polarity of a drive voltage for the pixel for
every divided period and for every n frame(s) or sub
frame(s) (n corresponding to a natural number).

[0037] The present invention according to another aspect
provides an image display apparatus that divides a frame
into 2i sub frames (i corresponding to a natural number), the
apparatus including:

[0038] a liquid crystal spatial light modulating ele-
ment configured to sequentially display the sub
frames;

[0039] a resetting unit configured to display a pixel of
the spatial light modulating element at a predeter-
mined gray level when the sub frame display is to be
switched; and

[0040] a display control unit configured to divide a
display period of each of the sub frames into 2k
periods (k corresponding to a natural number),
reverse the drive voltage polarity for every divided
period, and change a display order of the sub frames
for every n frame(s) (o corresponding to a natural
number).

[0041] The present invention according to another aspect
provides an alternative current drive method for driving a
liquid crystal spatial light modulating element of an image
display apparatus that divides a frame into 2i sub frames (i
corresponding to a natural number) and sequentially dis-
plays the sub frames using the spatial light modulating
element, the method including the steps of:

[0042] reversing a polarity of a drive voltage for a
pixel of the spatial light modulating element, for
every j sub frame(s) (j corresponding to a natural
number that is less than 2i); and

[0043] reversing the drive voltage polarity for every
o frame(s) (n corresponding to a natural number).

[0044] The present invention according to another aspect
provides an alternative current drive method for driving a
liquid crystal spatial light modulating element of an image
display apparatus that divides a frame into 2i sub frames (i
corresponding to a natural number) and sequentially dis-
plays the sub frames using the spatial light modulating
element, the method including the steps of:
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[0045] reversing a polarity of a drive voltage for a
pixel of the spatial light modulating element, for
every j sub frame(s) (j corresponding to a natural
number that is less than 2i); and

[0046] changing a display order of the sub frames for
every n frame(s) (n corresponding to a natural num-
ber).

[0047] The present invention according to another aspect
provides an alternative current drive method for driving a
liquid crystal spatial light modulating element of an image
display apparatus that divides a frame into 2i sub frames (i
corresponding to a natural number), sequentially displays
the sub frames using the spatial light modulating element,
and temporarily displays a pixel of the spatial light modu-
lating element at a predetermined gray level when the sub
frame display is to be switched, the method including the
steps of:

[0048] dividing a display period of each of the sub
frames into 2k periods (k corresponding to a natural
number);

[0049] reversing a polarity of a drive voltage for the
pixel of the spatial light modulating element for
every divided period; and

[0050] reversing the drive voltage polarity for every
n frame(s) or sub frame(s) (n corresponding to a
natural number).

[0051] The present invention according to another aspect
provides an alternative current drive method for driving a
liquid crystal spatial light modulating element of an image
display apparatus that divides a frame into 21 sub frames (i
corresponding to a natural number), sequentially displays
the sub frames using the spatial light modulating element,
and temporarily displays a pixel of the spatial light modu-
lating element at a predetermined gray level when the sub
frame display is to be switched, the method including the
steps of:

[0052] dividing a display period of each of the sub
frames into 2k periods (k corresponding to a natural
number);

[0053] reversing a polarity of a drive voltage for the
pixel of the spatial light modulating element for
every divided period; and

[0054] changing a display order of the sub frames for
every n frame(s) (n corresponding to a natural num-
ber).

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 is a diagram showing a configuration of a
projector according to the prior art;

[0056] FIG. 2 is a diagram illustrating an example of
dividing a frame into four sub frames and displaying the sub
frames by a spatial light modulating element;

[0057] FIG. 3 is a diagram illustrating a frame image that
is displayed on a screen in a case where pixels of the spatial
light modulating element display the same image of FIG. 2;

[0058] FIG. 4 is a diagram illustrating an exemplary
operation of signals for driving the spatial light modulating
clement;
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[0059] FIG. 5 is a diagram illustrating another exemplary
operation of signals for driving the spatial light modulating
element in a case where the polarity of a drive signal is
reversed for every sub frame;

[0060] FIG. 6 is a diagram illustrating another exemplary
operation of signals for driving the spatial light modulating
element in a case where the polarity of a drive signal is
reversed for every vertical synchronizing period within a sub
frame period,

[0061] FIG. 7 is a diagram illustrating another exemplary
operation of signals for driving the spatial light modulating
element in a case where the polarity of a drive signal is
reversed for every vertical synchronizing period within a sub
frame period and a voltage V1 is applied to the drive signal
for a period of T3 when the sub frame display is to be
switched;

[0062] FIG. 8 is a block diagram showing a configuration
of an LCD panel drive unit according to an embodiment of
the present invention;

[0063] FIG. 9 is a block diagram showing a configuration
of a polarity switching unit according to an embodiment of
the present invention;

[0064] FIG. 10 is a diagram illustrating an exemplary
operation of signals according to a first embodiment of the
present invention;

[0065] FIG. 11 is a diagram illustrating another exemplary
operation of signals according to a second embodiment of
the present invention;

[0066] FIG. 12 is a diagram illustrating another exem-
plary operation of signals according to a third embodiment
of the present invention; and

[0067] FIG. 13 is a diagram illustrating another exem-
plary operation of signals according to a fourth embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0068] In the following, preferred embodiments of the
present invention are described with reference to the accom-
panying drawings.

First Embodiment

[0069] FIG. 8 shows a configuration of a panel drive unit
that is implemented in an image display apparatus according
to an embodiment of the present invention. It is noted that
the present embodiment may be applied to the image display
apparatus shown in FIG. 1, for example. In the embodiment
described below, it is assumed that one frame is divided into
four sub frames and the sub frames are sequentially dis-
played through time division display by a transmissive LCD
panel corresponding to a spatial light modulating element.

[0070] As is shown in this drawing, image data of one
frame Di may be input to an input interface (I/F), the input
image data conforming to a standard such as DVI (Digital
Video Interface).

[0071] In turn, the input I/F decodes the input signal Di to
output image data of three primary colors Ri, Gi, and Bi.
Also, the input I/F reproduces and outputs a synchronizing
clock WCK, and outputs horizontal and vertical synchro-
nizing signals HD and VD corresponding to the input image.
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[0072] A write control unit is arranged to determine the
number of scanning lines by counting the horizontal syn-
chronizing signal pulse number within a vertical synchro-
nizing period and determine the number of valid pixels
within a horizontal synchronizing period based on the syn-
chronizing clock WCK to determine the size of the original
image input to the apparatus. Then, the write control unit
generates and outputs a write control signal WA for con-
trolling writing of the image data Ri, Gi, and Bi to a frame
memory. The write control signal WA includes a write
address, which is made up of a horizontal direction address
part corresponding to the main scanning direction address,
and a vertical direction address part corresponding to the sub
scanning direction address.

[0073] The frame memory sequentially writes the image
data Ri, Gi, and Bi according to the control signal WA and
in synch with the synchronizing clock WCK. It is noted that
as the frame memory, a memory having a dual port function
is preferably used for enabling reading of the image data by
a read address RA that is asynchronous with the writing of
the image data.

[0074] A read control unit is arranged to generate a read
address RA for reading image data stored in the frame
memory based on a control signal S1 output from a syn-
chronization control unit. In this case, data corresponding to
a sub frame that is to be displayed are sequentially read out.

[0075] The frame memory reads image data Ro, Go, and
Bo according to the read address RA and outputs the image
data to a D/A conversion unit.

[0076] The D/A conversion unit converts the image data
Ro, Go, and Bo input from the frame memory into voltage
signals AR, AG, and AB, and outputs the voltage signals to
a polarity switching unit.

[0077] The polarity switching unit is arranged to convert
the analog image data AR, AG, and AB input from the D/A
conversion unit into voltage signals through level conver-
sion with respect to a common voltage Vcom and switch the
polarity (positive/negative) of the voltage signals with
respect to the common voltage Veom based on a control
signal S2 from the synchronizing control unit to output
signals ARo, AGo, and ABo.

[0078] A control signal generating unit is arranged to
generate a signal LC for controlling the display of the
transmissive L.CD panel based on a control signal S3 from
the synchronizing control unit. It is noted that the signal LC
includes a vertical synchronizing signal Vsync and the
common voltage Vcom.

[0079] The synchronizing control unit is arranged to gen-
erate the control signals S1~83 for the read control unit, the
polarity switching unit, and the control signal generating
unit, respectively, as described above. The synchronizing
control signal is also gencrates signals PS1 and PS2 for
controlling driving of the optical deflecting element, and
outputs these signals to the optical deflecting element drive
unit.

[0080] It is noted that according to the embodiment
described below, when the signal PS1 corresponds to ‘H’
and the signal PS2 corresponds to ‘L for a given pixel of the
LCD panel, the optical deflecting element is driven to
display the corresponding image at the position for sub
frame 1 shown in FIGS. 2 and 3. Similarly, when the signal
PS1 corresponds to ‘H’ and the signal PS2 corresponds to
‘H’, the optical deflecting element is driven to display the
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corresponding image at the position for sub frame 2. When
the signal PS1 corresponds to ‘L’ and the signal PS2 corre-
sponds to ‘H’, the optical deflecting element is driven to
display the corresponding image at the position for sub
frame 3, and when the signal PS1 corresponds to ‘L and the
signal PS2 corresponds to ‘I, the optical deflecting element
is driven to display the corresponding image at the position
for sub frame 4. However, the present invention is not
limited to such an embodiment.

[0081] FIG. 9 shows a configuration of the polarity
switching unit according to an embodiment of the present
invention. It is noted that in this illustrated example, image
data AR are input and processed at the polarity switching
unit, however, the image data AG and AB may also be
processed in the same manner.

[0082] According to the present example, an amplifier 1
receives the image data AR from the D/A conversion unit
along with the common voltage Vcom added thereto.
Accordingly, an image data signal with a positive polarity
with respect to the common voltage Vcom is output. On the
other hand, amplifier 2 corresponds to a differential amplifier
at which the image data AR are supplied as a negative input
and the common voltage Vcom is supplied as a positive
input. Accordingly, an image data signal with a negative
polarity with respect to the common voltage Vcom is output
from the amplifier 2.

[0083] An analog switch is controlled by the control signal
S2, and is arranged to selectively output one of either an
output from the amplifier 1 or an output from the amplifier
2 and transmit the selected output to the LCD panel.

[0084] Ttis noted that in the embodiment described below,
when the control signal S2 corresponds to ‘H’, image data
with a positive polarity is output, and when the control
signal S2 corresponds to ‘I, image data with a negative
polarity is output. However, the present invention is not
limited to this embodiment, and for example, the corre-
sponding relation between the control signal levels H/L and
the positive/negative polarity outputs may be reversed. Also,
it is noted that in this embodiment, the polarity of the drive
voltage within a vertical synchronizing period is arranged to
be constant; however, the control signal S2 may be switched
at each horizontal synchronizing period, for example.

[0085] FIG. 10 is a diagram illustrating an exemplary
operation of signals according an embodiment of the present
invention. According to this example, the sub frames are
displayed according to a predetermined order such as [1 ],
[2],[3], [4] - - - , and the polarity of the drive voltage Vd for
apixel is reversed with respect to the common voltage Vcom
for every sub frame as well as for every frame. In this way,
the optical deflecting element may be driven by an alterna-
tive current so that flicker may be avoided and a good image
display quality may be achieved.

Second Embodiment

[0086] FIG. 11 shows another exemplary operation of
signals according to an embodiment of the present inven-
tion. In the present example, the polarity of the drive voltage
Vd is switched for every sub frame according to a prede-
termined cycle, and the respective sub frames within the
frames are read alternatingly in the order of [1], [2], [3], [4]
and [2], [1], [4]), [3] In this way, the optical deflecting
element may be driven by an alternative current so that
flicker may be avoided and a good image display quality
may be achieved.
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Third Embodiment

[0087] FIG. 12 illustrates another exemplary operation of
signals according to an embodiment of the present inven-
tion. In this example, the polarity of the drive voltage Vd is
switched for every sub frame according to a predetermined
cycle as is the case for the second embodiment; however, in
contrast to the second embodiment, the reading order of the
sub frames within the frames is alternatingly switched
between [1],[2], [4], [3] and [2], [1], [3], [4]- Also, accord-
ing to this example, upon switching the display of sub
frames, the drive voltage is set to V1 or V0 so that pixels
may temporarily be displayed at a predetermined gray level
such as black. In this way, the optical deflecting element may
be driven by an alternative current so that flicker may be
avoided and a good image display quality may be achieved.
In addition, the generation of the so-called image crosstalk
in which the same image is displayed before and after pixel
shifting may be prevented, and an even higher quality
display image may be obtained.

Fourth Embodiment

[0088] FIG. 13 illustrates another exemplary operation of
signals according to an embodiment of the present inven-
tion. In the present example, one sub frame period is
arranged to be made up of two vertical synchronizing
periods and the polarity of the drive voltage Vd for a pixel
is arranged to be reversed for every vertical synchronizing
period as well as for every frame period.

[0089] Tt is noted that in the present example, the polarity
reversing order within a sub frame period is switched for
every frame; however, in another embodiment, the polarity
reversing order within a sub frame period may be kept
constant and the display order of the sub frames may be
switched for every frame.

[0090] Further, the present invention is not limited to the
specific embodiments described above, and variations and
modifications may be made without departing from the
scope of the present invention.

[0091] The present application is based on and claims the
benefit of the earlier filing date of Japanese Patent Applica-
tion No0.2004-025175 filed on Feb. 2, 2004, the entire
contents of which are hereby incorporated by reference.

What is claimed is:

1. An image display apparatus that divides a frame into 2i
sub frames (i corresponding to a natural number), the
apparatus comprising:

a liquid crystal spatial light modulating element config-
ured to sequentially display the sub frames; and

a first alternative current drive unit configured to reverse
a polarity of a drive voltage for a pixel of the spatial
light modulating element for every j sub frame(s) (j
corresponding to a natural number that is less than 2i)
and for every n frame(s) (n corresponding to a natural
number).

2. The image display apparatus as claimed in claim 1,

further comprising:

a second alternative current drive unit configured to
reverse the drive voltage polarity for every m horizon-
tal synchronizing period(s) (m corresponding to a natu-
ral number).

3. The image display apparatus as claimed in claim 1,

further comprising:
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aresetting unit configured to temporarily display the pixel
of the spatial light modulating element at a predeter-
mined gray level when the sub frame display is to be
switched.
4. Animage display apparatus that divides a frame into 2i
sub frames (i corresponding to a natural number), the
apparatus comprising:

a liquid crystal spatial light modulating element config-
ured to sequentially display the sub frames; and

a display control unit configured to reverse a polarity of
a drive voltage for a pixel of the spatial light modulat-
ing element for every j sub frame(s) (j corresponding to
a natural number that is less than 2i) and change a
display order of the sub frames for every n frame(s) (n
corresponding to a natural number).

5. The image display apparatus as claimed in claim 4,

further comprising:

an alternative current drive unit configured to reverse the

drive voltage polarity for every m horizontal synchro-

nizing period(s) (m corresponding to a natural number).

6. The image display apparatus as claimed in claim 4,
further comprising:

aresetting unit configured to temporarily display the pixel
of the spatial light modulating element at a predeter-
mined gray level when the sub frame display is to be
switched.
7. An image display apparatus that divides a frame into 2i
sub frames (i corresponding to a natural number), the
apparatus comprising:

a liquid crystal spatial light modulating element config-
ured to sequentially display the sub frames;

a resetting unit configured to temporarily display a pixel
of the spatial light modulating element at a predeter-
mined gray level when the sub frame display is to be
switched; and

an alternative current drive unit configured to divide a
display period of each of the sub frames into 2k periods
(k corresponding to a natural number) and reverse a
polarity of a drive voltage for the pixel for every
divided period and for every n frame(s) or sub frame(s)
(n corresponding to a natural number).
8. Animage display apparatus that divides a frame into 2i
sub frames (i corresponding to a natural number), the
apparatus comprising:

a liquid crystal spatial light modulating element config-
ured to sequentially display the sub frames;

a resetting unit configured to display a pixel of the spatial
light modulating element at a predetermined gray level
when the sub frame display is to be switched; and

adisplay control unit configured to divide a display period

of each of the sub frames into 2k periods (k corre-

sponding to a natural number), reverse the drive volt-

age polarity for every divided period, and change a

display order of the sub frames for every n frame(s) (n
corresponding to a natural number).

9. An alternative current drive method for driving a liquid

crystal spatial light modulating element of an image display
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apparatus that divides a frame into 2i sub frames (i corre-
sponding to a natural number) and sequentially displays the
sub frames using the spatial light modulating element, the
method comprising the steps of:

reversing a polarity of a drive voltage for a pixel of the
spatial light modulating element, for every j sub
frame(s) (j corresponding to a natural number that is
less than 2i); and

reversing the drive voltage polarity for every n frame(s) (n

corresponding to a natural number).

10. An alternative current drive method for driving a
liquid crystal spatial light modulating element of an image
display apparatus that divides a frame into 21 sub frames (i
corresponding to a natural number) and sequentially dis-
plays the sub frames using the spatial light modulating
element, the method comprising the steps of:

reversing a polarity of a drive voltage for a pixel of the
spatial light modulating element, for every j sub
frame(s) (j corresponding to a natural number that is
less than 2i); and

changing a display order of the sub frames for every n

frame(s) (n corresponding to a natural number).

11. An alternative current drive method for driving a
liquid crystal spatial light modulating element of an image
display apparatus that divides a frame into 21 sub frames (i
corresponding to a natural number), sequentially displays
the sub frames using the spatial light modulating element,
and temporarily displays a pixel of the spatial light modu-
lating element at a predetermined gray level when the sub
frame display is to be switched, the method comprising the
steps of:

dividing a display period of each of the sub frames into 2k
periods (k corresponding to a natural number);

reversing a polarity of a drive voltage for the pixel of the
spatial light modulating element for every divided
period; and

reversing the drive voltage polarity for every n frame(s) or
sub frame(s) (n corresponding to a natural number).

12. An alternative current drive method for driving a
liquid crystal spatial light modulating element of an image
display apparatus that divides a frame into 2i sub frames (i
corresponding to a natural number), sequentially displays
the sub frames using the spatial light modulating element,
and temporarily displays a pixel of the spatial light modu-
lating element at a predetermined gray level when the sub
frame display is to be switched, the method comprising the
steps of:

dividing a display period of each of the sub frames into 2k
periods (k corresponding to a natural number);

reversing a polarity of a drive voltage for the pixel of the
spatial light modulating element for every divided
period; and

changing a display order of the sub frames for every n
frame(s) (o corresponding to a natural number).
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